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Complexation Studies for Cadmium (II) with Quercetin and (+)-Catechin
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Abstract — The interaction of cadmium (II) ion with quercetin and (+)-catechin was investigated in aqueous solution at
various pH. The flavonoid/cadmium stochiometries for cadmium (II) binding to quercetin and (+)-catechin have been deter-
mined by UV-vis spectroscopy. 1:1 Cd (II)-Flavonoid complex had a maximum absorbance and showed the bathochromic
shift of the long-wavelength band of the UV-vis spectra in the alkaline pH, that occurs upon complexation, due to a ligand-
to-metal charge transfer. These results suggest that Cd (IT)-flavonoid complex has the optimal condition of chelation in 0.2 M

NH; - 0.2M NH,CI (pH 8.0) solution.
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Fig. 1 — Representation and atomic numbering adopted for
quercetin and (+)-catechin. The arrows indicate the
potential chelating sites.
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719l FE 4582 3'4-dihydroxyl group>3-hydroxy-carbo-
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dihydroxyl groupelX] vl 2Ha(1:2)2) sheldE4] WA= =
o] PPk Busgith Le Nest 5792 Zn*t, Cu?*o] 0]
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307 nm °]F-oA & nlE&o] Tl wet Fdes 5Tt
I ek o, 352 nm o] F-ellx19}l 421 nm ©]FelM = &
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Fig. 2 — Electronic absorption spectra of 50 uM quercetin. a) 0.2 M
NH; - 0.2 M NH,CI (pH 8.0) in the presence of various
concentrations of cadmium (II) at A=328 nm. b) R=
[cadmium]/[quercetin]; R=0.0 (A), 0.6 (B), 0.8 (C), and 1.0
(D).
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Fig. 3 — Electronic absorption spectra of 50 uM quercetin. a) 0.2 M
NaOAc - 0.2M CH;COOH (pH 4.0) in the presence of
various concentrations of cadmium (IT) at A=328 nm. b)
R=[cadmium]/[quercetin]; R=0.0 (A), 0.6 (B), 0.8 (C), and
1.0 (D).
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Table I - Spectral parameters of quercetin and its cadmium complex in aqueous of solution at various pH

0.0 0.6

0.8 1.0

H Sol 2 4 1.2 1.4 1. 1. 2.

pH Solvent @A) 0 0 B) © D) 6 8 0
10x10°M A 0.91656 0.93495 0.95234 0.97052 0.98891 1.00780 0.99971 0.99167 0.98282 0.97499 0.96680
NaOH A(m) 328 326 326 326 326 326 326 326 326 326 326

pH 8.0 C (uM) 50.00 51.95 52.94 53.95 54.98 54.54 54.10 53.62 53.19 52.74
1.0x10%2M A 0.91831 0.93597 0.95458 0.97212 0.98991 1.00788 0.99980 0.99171 0.98393 0.97564 0.96793
NH,4 A(m) 328 328 328 328 328 328 328 328 328 328 328

pH 10.6 C (uM) 50.96 51.98 52.93 53.90 54.88 54.44 54.00 53.57 53.12 52.70
0.2 M NH; - A 0.92092 0.93814 0.95579 0.97298 0.99012 1.00793 0.99989 0.99207 0.98478 0.97640 0.96861
0.2M NH,CI A@m) 328 328 328 328 328 328 328 328 328 328 328

pH 8.0 C (uM) 50.94 51.89 52.83 53.81 54.72 54.29 53.86 53.47 53.01 52.59
02M NaOAc - A 0.92414 0.93999 0.95659 0.97321 0.99103 1.00791 0.99999 0.99209 0.98487 0.97672 0.96872
02M CH;COOH A(@mm) 326 328 328 328 328 328 328 328 328 328 328

pH 4.0 C (uM) 50.86 51.76 52.66 53.62 54.53 54.10 53.68 53.29 52.85 52.41
1.0x10*M A 0.93841 0.95030 0.96232 0.97400 0.98594 0.99761 0.99345 0.98894 0.98568 0.98137 0.97806
CH;COOH A(m) 324 324 324 324 324 324 324 324 324 324 324

pH 45 C (uM) 50.63 51.27 51.90 52.53 53.15 52.93 52.69 52.52 52.29 51.22
10x10*M A 0.94522 0.95511 0.96501 0.97459 0.98453 0.99413 0.99123 0.98838 0.98655 0.98348 0.98122
HCI A@m) 323 323 323 323 323 323 323 323 323 323 323

pH 4.0 C (uM) 50.52 51.05 51.55 52.08 52.59 52.43 52.28 52.19 52.02 51.90

A: Absorbance
R=[Cd)/[Quercetin]; 0.0 (A), 0.2, 0.4,

A: Wavelength
0.6 (B), 0.8 (C), 1.0 (D), 1.2, 1.4, 1.6, 1.8, 2.0.

C: Micromolar concentration
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Fig. 4 — Mole-ratio plots at various pH for 1 : 1 complex of cadmium
(II) and quercetin. 326 nm ([]: 1.0x 10°M NaOH, pH 8.0),
328 nm (O: 1.0x102M NHj;, pH 10.6), 328 nm (A: 0.2 M
NH; - 0.2 M NH,CI, pH 8.0), 328 nm (V: 0.2 M NaOAc -
02M CH,COOH pH 4.0), 324nm (@ 1LOx10M
CH,COOH pH 4.5), 323 nm (<l : 1.0x10*M HCI, pH 4.0).
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55.31 uM (+) FHIZIE YERE O, 4, =252 nm o]F-ollA] LEf
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drh 1.0x102M R UokpH 10.6) &A= 280 nmol| 4]
(H)7HI% ZFEEIDe] 1:12 2ES F4sloH, olu
HA ' 55.29 uM(+)-7FEIZ1 2 YR, 250 nmé} 261 nm

o] F 7149 T2 Sl 293 FER AE,
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Fig. 5 — Absorption spectra of 50 uM (+)-catechin. a) 0.2 M NH; -
0.2 M NH,CI (pH 8.0) in the presence of various concen-
trations of cadmium (II) at A=281 nm. b) R=[cadmium]/
[catechin]; R=0.0 (A), 0.6 (B), 0.8 (C), and 1.0 (D).
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k= 22 B H-go] 10014 1:1 xj%o] HAJES < ¢ 3l
Rom, e Tt B FAAE 01831e], oW 55.27 uM

(H)FENZ Y = EJ*E(A=1.32217}— oS A‘ii
©om, 4,=250 nm 01? oA UERt MZR S ~HEHL J)
EF ZEe) 7199 Aow AR ErhEFg. 5). 7k §HellA
FREFAD-(+)7FEI) 221 1) B s 0”3140} s &
H(pH 8.0)°14 7HF v HA ok SO0, olwe] F
Ao ALl vl5st 579%](280 nm)E b}E}MJﬁ R
BRs A it

02M ZAF UEZE - 02M F2HpH 4.0) 9% gMofx=
280 nmeA (+)ZFEIX1#} 7FEHe] 1: 18 2HEo] ==
2L & oo, 59| gl B FAAFE o] 83lo] o]
o] HAE 5w 5493 UM (+)FHEIR1 02 =5t} 249 nm
9} 261 nmoA 271A)2) SEAL T2 Ak Lot} oF 2~
3nm g Aup gaph vepd FiA|e] Sz A
%}HU% 250 nm oJFelx & nlgo] Tt it FEEE &

B7F a9E e o, A,=251 nmollA] YERt A28 S5
M‘Efﬁ & V=R Feel 71919 2w Al Eth(Fig. 6).
2HPH 4.5) 8ol M=

1L.0X10"M % (+)ZHFI= 7F=ED)
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T T T T T
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Fig. 6 — AAbsorption spectra of 50 uM (+)-catechin. a) 0.2M
NaOAc - 0.2M CH;COOH (pH 4.0) in the presence of
various concentrations of cadmium (II) at A=280 nm. b)
R=[cadmium]/[catechin]; R=0.0 (A), 0.6 (B), 0.8 (C), and
1.0 (D).
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Table II — Spectral parameters of (+)-catechin and its cadmium complex in aqueous of solution at various pH

0.0 0.6 0.8 1.0
pH Solvent (A) 0.2 0.4 (B) ©) D) 1.2 14 1.6 1.8 2.0
10x10°M A 1.19391 1.21983 1.24653 1.27001 1.29509 1.32076 1.30248 1.28477 1.26729 1.25100 1.23283
NaOH A (nm) 281 280 280 280 280 280 280 280 280 280 280
pH 8.0 C (uM) 51.09 52.20 53.18 54.24 55.31 54.55 53.81 53.07 52.39 51.63
1.0x102M A 1.19486 1.22002 1.24673 1.27021 1.29734 132126 1.30325 1.28583 1.26864 1.25146 1.23553
NH, A (nm) 280 280 280 280 280 280 280 280 280 280 280
pH 10.6 C (uM) 51.05 52.17 53.15 54.29 55.29 54.54 53.81 53.09 52.37 51.70
02 M NH; - A 1.19602 1.22009 1.24695 1.27070 1.29997 1.32217 1.30451 1.28786 1.27070 1.25430 1.23813
0.2M NH,C1 A (nm) 280 281 281 281 281 281 281 281 281 281 281
pH 8.0 C (uM) 50.01 52.13 53.12 54.35 55.27 54.54 53.84 53.12 52.44 51.76
02M NaOAc - A 1.19894 1.22199 1.24584 1.27001 1.29324 1.31722 1.30214 128655 1.27124 1.25695 1.24215
02M CH;COOH X (nm) 280 280 280 280 280 280 280 280 280 280 280
pH 4.0 C (uM) 50.96 51.96 52.96 53.93 54.93 54.30 53.65 53.02 52.42 51.80
1.0x10*M A 1.21618 1.23543 1.25367 1.27458 1.29295 1.31421 1.30213 1.28558 1.27447 1.26532 1.25251
CH;COOH A (nm) 278 278 278 278 278 278 278 278 278 278 278
pH 45 C (uM) 50.79 51.54 52.40 53.16 54.03 53.53 52.85 52.40 52.02 51.49
10x10*M A 1.22132 1.23874 1.25412 1.26971 1.28639 1.30379 1.29458 1.28548 1.27683 1.26755 1.25841
HCI A (nm) 277 277 277 277 277 277 277 279 277 277 279
pH 4.0 C (uM) 50.71 51.34 51.98 52.66 53.38 53.00 52.63 52.27 51.89 52.51
A: Absorbance A: Wavelength C: Micromolar concentration
R=[Cd]/[catechin]; 0.0 (A), 0.2, 0.4, 0.6 (B), 0.8 (C), 1.0 (D), 1.2, 1.4, 1.6, 1.8, 2.0.
133 —d
—— NaOH o
—o— NH,
—A— NH,- NH,CI [u}
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1.30 4—— CHLCOOH o
8 ——HCl |
§ HO ] H“\.
Q
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9 vy #
e /8
< /
8 OH
1.20
OH ]
D-DDT T T T T T T T T T T T i cd
oo 02 04 06 08 10 12 14 16 18 20 o \\
R (mole-ratio) o
Fig. 7 — AMole-ratio plots at various wavelengths for 1: 1 complex -f/
of cadmium and (+)-catechin. 280 nm ([1: 1.0x10%M |
NaOH, pH 8.0), 280 nm (O: 1.0x10ZM NH,, pH 10.6), HO
281 nm (A: 0.2M NH; - 0.2M NH,C], pH 8.0), 280 nm
(V:02M NaOAc - 0.2M CH;COOH, pH 4.0), 278 nm
(<1 1.0x10*M CH,COOH, pH 4.5), 277 nm (<I: 1.0x10™
M HCI, pH 4.0).
2] 40 AT Hol} ololAwd, AzARIzR: Yol u

2] AAEol 2J3 dative bondo] FA =2} A€t whet

A TR AD-(H)7FIZ] 2 52 HAseolA ofFolAH,

Fig. 8 — AThe proposed structure of 1:1 complex of cadmium (II)
and quercetin and (+)-catechin in the presence of 0.2 M
NH; - 0.2 M NH,C], (pH 8.0) at A=328 nm and A=281 nm.
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